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abstraction levels into business process modeling are 
described. In one example embodiment, modeling business 
processes for an enterprise can include selecting a segmented 
view of an enterprise meta-model. The segmented view is 
associated with a business process to be modeled. The enter 
prise meta-model is a machine-readable representation of 
business rules and policies for the enterprise. A business 
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which are limited by the segmented view. A business policy 
having some relevance to the process being modeled can be 
selected for annotation to the business process. Once com 
pleted, the business process model is transformed into a 
machine-readable representation and stored in a repository. 

21 Claims, 22 Drawing Sheets 

1700 N 

1702 
RCWESELECTION FASEGMENTE 
WIEW OF AN ENTERPRISE META-MODE 

1704 
rGSTERNPUT OF ABUSINESS 

process, 

1708 
RECEIWE SELECTION OF ABUSINESS 

CLCY 

1708 
TRANSFORMTHE BUSINESS PROCESS 
MODELINTO AMACHINE-ACCESSIBLE 

REPRESENTATION 

170 
STORE THEMACHINE-ACCESSIBLE 

RPRESENTATION 

  



U.S. Patent Jun. 18, 2013 Sheet 1 of 22 US 8,468.491 B2 

100-N 

% Ns 
S 

Y 

FIG. I. 

  

  



U.S. Patent Jun. 18, 2013 Sheet 2 of 22 US 8,468.491 B2 

200N 
ENTERPRISE META-MODEL 

- 

KEY 
STRATEGY PERFORMANCE 

214 INDICATORS 

PURPOSE & 
GOAL 
212 

220 216 230 

STAKEHOLDERS 

PROCESS 
OWNER 
232 

PROCESS 
TECHNOLOGY 

24 

OBJECTS 
222 

ORG.UNTS 
236 

PROCESS 
FLOW 
242 

BUSINESS 
RULES 
244 

COMPLIANCE 
246 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FIG. 2A 

  



U.S. Patent Jun. 18, 2013 Sheet 3 of 22 US 8,468.491 B2 

EXECUTIVE ABSTRACTION 

STRATEGY 
PURPOSE & 214 PERFORMANCE 

GOAL INDICATORS 
212 216 

PROCESS STAKEHOLDERS 
22O 

RESOURCES 

COMPLIANCE 
246 

  

  

  

  



U.S. Patent Jun. 18, 2013 Sheet 4 of 22 US 8,468.491 B2 

----- Y ------------------------- 
MANAGER ABSTRACTION 

KEY 
PURPOSE 8. PERFORMANCE 

GOAL INDICATORS 

STAKEHOLDERS 

PROCESS 
OWNER 
232 

PROCESS 
FLOW 
242 

COMPLIANCE 
246 

W T F S S 
1 2 3 4 5 
8 9 10 11 12 
15 16 17 18 19 

22 23 24 25 26 

29 30 31 

  

    

  

  

  

  

  

  

  

  

  



U.S. Patent Jun. 18, 2013 Sheet 5 of 22 US 8,468.491 B2 

2O6 N 
BUSINESS ANALYST ABSTRACTION 

PURPOSE & 
GOAL 
212 

22O 

OBETs STAKEHOLDERS 

224 PROCESS 

ORG UNITS 
236 

BUSINESS 
RULES 
244 

TECHNOLOGY 

PROCESS FLOW 

  

  

  

  



US 8,468.491 B2 Sheet 6 of 22 Jun. 18, 2013 U.S. Patent 

.*.* * * * * * * * * * * * * * * * * * * * * * * * * * * * 

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  





US 8,468.491 B2 Sheet 8 of 22 Jun. 18, 2013 U.S. Patent 

!!!!!!!!!!!!!!!!!!!? 3. No. 

  

  
  

  



U.S. Patent Jun. 18, 2013 Sheet 9 of 22 US 8,468.491 B2 

6OO N 

BUSINESS POLICY & RULE BUSINESS PROCESS MODELING 
MODELING ENGINE ENGINE 

612 
- - - - - - - - - - - 2N. 

VISUAL POLICY 8, RULE VISUAL PROCESS MODELING 
MODELING MODULE MODULE 

BUSINESS POLICY 8, RULE BUSINESS PROCESS 
FORMALIZATION MODULE FORMALIZATION MODULE 

- B - D - O - - - - 

147 624 / 

POLICY 
MATCHING 
MODULE 

VALIDATION 
MODULE 

REPOSITORY 

- - - W - 
N- V 

is a 

BUSINESS 
POLICES 8. 
RULES 

BUSINESS 
PROCESSES 

N. 

/ FRAMEWORK & APPLICATION 
656 ONTOLOGIES N - 

s 

FIG. 6 

  



Z '{DI. H 

US 8,468.491 B2 

SE||SOOTTO_LNO NI CIENI-HEC] ILNE WETE 

A 
? MOITOqsmaSNIVINOO 

80/ 

NJ00/ 

U.S. Patent 

A 

  

  

  

  



U.S. Patent Jun. 18, 2013 Sheet 11 of 22 US 8,468.491 B2 

8OO N 

81O 830 

BUSINESS ORG. UNIT 
FUNCTION 

812 820 832 

814 816 836 

LEGEND 

CONCEPT INSTANCE 

FIG. 8 

  



U.S. Patent Jun. 18, 2013 Sheet 12 of 22 US 8,468.491 B2 

42 VALIDATOR 6 

FEEDBACK 

644 STATUS OF CONSISTENCY CHECK 

REASONER 

646 KNOWLEDGE BASE 

ONTOLOGY LANGUAGE TO LOGIC 
PROGRAMMING 

48 ALL RELEVANT ONTOLOGIES 

PROCESS-ORIENTED ENTERPRISE 
ONTOLOGY FRAMEWORK 

APPLICATION ONTOLOGIES OF AN 
ENTERPRISE 

E.G., ONTOLOGIZED ENTERPRISE MODELS OF 
AN ENTERPRISE 

BUSINESS POLICES 8, RULES 
ONTOLOGES FROM PROCESS MODEL ONTOLOGY 

REPOSITORY BASED ON -- (FROM BUSINESS PROCESS 
REQUEST FROM PROCESS FORMALIZATION MODULE) 

MODELER 

650 READ ONTOLOGIES FROMREPOSITORY 
- - - - REPOSITORY e s e 

s 1 n N 
BUSINESS 

M 

BUSINESS 
POLICIES 8. PROCESSES 
RULES 

6527-- 
K 

- - - - - - 
FRAMEWORAFRICATION 656 ONTOLOGIES 

-- - - - -- 

s - 1 

N 
- 

  



U.S. Patent Jun. 18, 2013 Sheet 13 of 22 US 8,468.491 B2 

1000-a 

Oficigy Reasief E. 
{{fg}{333e Cop-se: 

'SElia 

Riie Systax (Coposefai 
ecief 

Citigy2 Ogi. 
Program 

Catiggy AR; 

s: : Re3Scief 
P&Sefi 

Safiaze 

FFSSSSSSfisited sitefise 
Otogy faile:O:k & 3picatio 

. tages of a esterise 

Sisi SS. 
rocess 

isitess 
A sity & Lite 

FIG. I.0 

  





U.S. Patent Jun. 18, 2013 Sheet 15 of 22 US 8,468.491 B2 

1200-N 

EXPANDED SUB-PROCESS 

RECORD 
FINANCIAL DATA 

ACCOUNTANT 
INSTANCE 

ACCOUNTING 
INSTANCE 

PREPARING 
FINANCIAL 

STATEMENTS 

AUDITOR 
INSTANCE FINANCIALSTATEMENTS 

INSTANCE 

FIG. 12 

  



U.S. Patent Jun. 18, 2013 Sheet 16 of 22 US 8,468.491 B2 

1300-a 

BUSINESS PROCESS MODELING 
MODULE 

POLICY MATCHING MODULE 

POLICY RECOMMENDATION MODULE 

PROCESS CONTEXT POLICYRANKING 
EXTRACTION MODULE MODULE 

REASONER MODULE 

REPOSITORY 
e 

NN 
- is e 

BUSINESS 
PROCESSES 

- - - - - 

BUSINESS 
POLICES 8. 
RULES 

N 
as to 

s 

/ FRAMEWORK & APPLICATION 
656 ONTOLOGIES N 

s 

FIG. 13 

    

  



U.S. Patent Jun. 18, 2013 Sheet 17 of 22 US 8,468.491 B2 

1400 N 

PROCESS 
CONTEXT 

CONCEPT C 

MATCHING ALGORITHM 

EXACT MATCH: 
X = 1 

INSTANCE I RELAXED - GENERALIZED MATCH: 
Xz I, Y = C 

RELAXED - GENERALIZED MATCH: 
Xz I, YA C, 
BUT Y S SUPER-CONCEPT OF C 

RELAXED - SPECIALIZED MATCH: 
Xz I, YA C, 
BUT Y S SUB-CONCEPT OF C 

RELAXED-ANCESTRAL MATCH: 
X7 I, Y7 C, 

INSTANCE X BUT Y & C HAVE SOME ANCESTOR 

NO MATCH: 
Xz I, YA C, 
NO RELATION BETWEEN Y & C 

POLICY 
CONCEPT Y CONTEXT 

- 

Y 

n- - - - - - 1 - 

REPOSITORY 
650 RELEVANT 

- 1 BUSINESS 
a- - - - POLICIES 

FIG. I.4 

  

  

  

  

  

  

  

  



U.S. Patent Jun. 18, 2013 Sheet 18 of 22 

1500 N 

1502 

1504 

1506 

1508 

1510 

1512 

RECEIVE RECUEST FOR RELEVANT 
BUSINESS POLICES 

OBTAINFORMALIZED REPRESENTATION 
OF BUSINESS PROCESS 

EXTRACT CONTEXT FROM BUSINESS 
PROCESS 

OBTAIN RELEVANT BUSINESS POLICES 
USING THE CONTEXT 

RANK RELEVANT BUSINESS POLICES 

PRESENTING THE RANKED LIST OF 
RELEVANT BUSINESS POLICES 

END 

FIG. I.5 

US 8,468.491 B2 

  



U.S. Patent 

1600 N 

Jun. 18, 2013 Sheet 19 of 22 

16O2 

1604 

1606 

1608 

1610 

1612 

RECEIVE VERIFICATION RECRUEST 

OBTANFORMALIZED 
REPRESENTATIONS OF BUSINESS 

PROCESS AND POLICES 

REGISTER THE FORMALIZED 
REPRESENTATIONS 

CHECK THE KNOWLEDGE BASE 

FLAG VOLATIONS 

PROVIDE FEEDBACK MESSAGES 

END 

FIG. I6 

US 8,468.491 B2 

  



U.S. Patent Jun. 18, 2013 Sheet 20 of 22 

17OO N 

1702 

1704 

17O6 

1708 

1710 

RECEIVE SELECTION OF A SEGMENTED 
VIEW OF AN ENTERPRISE META-MODEL 

REGISTER INPUT OF A BUSINESS 
PROCESS MODEL 

RECEIVE SELECTION OF ABUSINESS 
POLICY 

TRANSFORM THE BUSINESS PROCESS 
MODEL INTO AMACHINE-ACCESSIBLE 

REPRESENTATION 

STORE THE MACHINE-ACCESSIBLE 
REPRESENTATION 

FIG. I. 7 

US 8,468.491 B2 

  



U.S. Patent Jun. 18, 2013 Sheet 21 of 22 US 8,468.491 B2 

1800 1802 
N ACCESS AREPOSITORY OF 

FORMALIZED PROCESS KNOWLEDGE 

1804 
RECEIVE SELECTION OF A SEGMENTED 

VIEW OF THE ENTERPRISE 

1806 
PRESENT A SET OF VISUAL MODELING 

TOOLS 

1808 REGISTER INPUT OF A BUSINESS 
PROCESS MODEL CREATED USING THE 

VISUAL MODELING TOOLS 

1810 
MATCHING A BUSINESS CONSTRAINT TO 

THE BUSINESS PROCESS MODEL 

1812 
FORMALIZE THE BUSINESS PROCESS 

MODEL 

1814 
STORE THE FORMALIZED BUSINESS 

PROCESS MODEL 

END 

FIG. 18 

  



U.S. Patent Jun. 18, 2013 Sheet 22 of 22 US 8,468.491 B2 

/ 1900 

PROCESSOR 
VIDEO 

1902 DISPLAY 1910 
1924 INSTRUCTIONS 

ALPHA-NUMERC 
1904 INPUT DEVICE 1912 
1924-HINSTRUCTIONS 

1908 

USER 
INTERFACE (UI) 

1906 NAVIGATION 1914 
1924 - HINSTRUCTIONS DEVICE 

NETWORK MSN | 1916 
1920 INTERFACE MEDIUM 1922 

DEVICE 
INSTRUCTIONSH- 1924 

SIGNAL 
1926 GENERATION 1918 

DEVICE 

FIG. 19 

  

  

  



US 8,468,491 B2 
1. 

SYSTEMS AND METHODS FOR 
INTEGRATING PROCESS PERSPECTIVES 

AND ABSTRACTION LEVELS INTO 
PROCESS MODELING 

COPYRIGHT NOTICE 

A portion of the disclosure of this patent document con 
tains material that is subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Office patent 
files or records, but otherwise reserves all copyright rights 
whatsoever. The following notice applies to the software and 
data as described below and in the drawings that form a part 
of this document: Copyright 2009, SAP AG. All Rights 
Reserved. 

TECHNICAL FIELD 

Various embodiments relate generally to the field of busi 
ness process modeling, and in particular, but not by way of 
limitation, to a system and method for integrating process 
perspectives and abstraction levels into process modeling. 

BACKGROUND 

Business process modeling is intended to represent the 
real-world processes of an enterprise on paper or within a 
computer system. Business process modeling is typically per 
formed to analyze and improve current enterprise processes. 
Managers and business analysts seeking to improve process 
efficiency and quality will often turn to business process 
modeling as a method to achieve the desired improvements. 
However, business process modeling can be time consuming 
and complex, especially when modeling a large enterprise. 

In the 1990s, the vision of a process enterprise was intro 
duced to achieve a holistic view of an enterprise, with busi 
ness processes as the main instrument for organizing the 
operations of an enterprise. Process orientation meant view 
ing an organization as a network or system of business pro 
cesses. The innumerable benefits of investing in business 
process techniques were demonstrated in efficiency, 
increased transparency, productivity, cost reduction, quality, 
faster results, standardization, and, above all, in the encour 
agement of innovation, leading to competitive advantage and 
client satisfaction. 

Process orientation considered information technology 
(IT) as a key enabler and thus followed with the introduction 
of process aware information systems (PAIS) as means to 
Support the knowledge workers in performing business pro 
cesses. PAIS are driven by explicit process models, which 
enable a better understanding of business processes, facilitate 
communication between business analysts and IT experts and 
serve as a basis for the management and execution of business 
processes. 

While PAIS has provided great benefits, the task of process 
modeling is still time consuming, complex, and typically 
requires a high level oftechnical and business process knowl 
edge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments are illustrated by way of example and 
not limitation in the figures of the accompanying drawings in 
which: 
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2 
FIG. 1 is a block diagram illustrating six process perspec 

tives, according to an example embodiment. 
FIG. 2A is a block diagram illustrating an enterprise meta 

model without application of any abstraction levels, accord 
ing to an example embodiment. 

FIG. 2B is a block diagram illustrating an enterprise meta 
model with an executive abstraction level applied, according 
to an example embodiment. 

FIG. 2C is a block diagram illustrating an enterprise meta 
model with a line of business manager abstraction level 
applied, according to an example embodiment. 

FIG. 2D is a block diagram illustrating an enterprise meta 
model with a business analyst abstraction level applied, 
according to an example embodiment. 

FIG.3 is an illustration of a user-interface screen depicting 
a visual rule modeling interface with a compliance perspec 
tive applied, according to an example embodiment. 

FIG. 4 is an illustration of a user-interface screen depicting 
a visual modeling interface with a business line manager 
abstraction level applied, according to an example embodi 
ment. 

FIG. 5 is an illustration of a user-interface screen depicting 
a visual modeling interface with a business analyst abstrac 
tion level applied, according to an example embodiment. 

FIG. 6 is a block diagram illustrating a system for integrat 
ing process perspectives and abstraction levels into business 
process modeling, according to an example embodiment. 

FIG. 7 is a block diagram illustrating business policy and 
business rule formalization constructs, according to an 
example embodiment. 

FIG. 8 is a block diagram illustrating a set of business 
function concepts and a set of organizational unit concepts, as 
well as various instances of these concepts, according to an 
example embodiment. 

FIG. 9 is a block diagram illustrating a system for validat 
ing business processes, according to an example embodi 
ment. 

FIG. 10 is a block diagram illustrating a technical imple 
mentation of the business policy and rule modeling module, 
according to an example embodiment. 

FIG. 11 is a user-interface illustration depicting a visual 
modeling tool, according to an example embodiment. 

FIG. 12 is a block diagram illustrating an example separa 
tion of duty policy in Business Process Model Notation 
(BPMN), according to an example embodiment. 

FIG. 13 is a block diagram illustrating a system for policy 
matching and ranking, according to an example embodiment. 

FIG. 14 is a block diagram illustrating an algorithm for 
matching policies to process models, according to an example 
embodiment. 

FIG. 15 is a flowchart illustrating a process for providing a 
list of relevant business policies, according to an example 
embodiment. 

FIG. 16 is a flowchart illustrating a business process veri 
fication method, according to an example embodiment. 

FIG. 17 is a flowchart illustrating a method of creating a 
machine-readable business process model using a segmented 
view of the enterprise, according to an example embodiment. 

FIG. 18 is a flowchart illustrating a method of creating a 
formalized business process model using a segmented view 
of the enterprise, according to an example embodiment. 

FIG. 19 is a block diagram of a machine in the example 
form of a computer system within which instructions for 
causing the machine to performany one or more of the meth 
odologies discussed herein, may be executed. 
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DETAILED DESCRIPTION 

Disclosed herein are various embodiments of the present 
invention for providing methods and systems for integrating 
multiple process perspectives and abstraction levels into busi 
ness process modeling. 

There are several issues contributing to the fact that design 
of process models remains a complex task. First, a broad 
knowledge of an enterprise across multiple functions and 
levels is often required when designing a process model. This 
knowledge can be scattered in various business documents, 
presentations, and people throughout the enterprise, making 
it difficult to access and reuse. Second, current process mod 
eling approaches do not adequately support process perspec 
tives (e.g., motivational, resource, functional, etc.). One of the 
ways to reduce modeling complexity is to provide separate 
process modeling perspectives, which allow the modeler to 
model only the desired aspect of the process. Organizing and 
modeling process information through process-oriented 
views (perspectives) of the enterprise can be more intuitive 
and easier to understand, analyze, and navigate. Process per 
spectives can also be used to navigate through a process 
landscape. Third, current tools provide no support for 
“abstraction levels, which can enable different stakeholders 
within an organization to have unique views on a process 
model by filtering out irrelevant information depending on 
their role. For example, an executive might want to see how a 
process relates to the enterprise goals and strategies she is 
responsible for delivering. Through an abstraction level, the 
executive can focus on a process's key performance indica 
tors (KPI) and how well is it performing. The executive may 
not be interested in detailed process flows, information sys 
tems supporting the processes, business objects manipulated 
by the processes, or other details that may be key to other parts 
of the organization. Similarly, a business manager may be 
primarily interested in how a particular process contributes to 
a broader business Scenario, who is responsible for the pro 
cess, and who is involved in the process. Specialized model 
ing tools may be able to provide different stakeholders some 
of the information they need, but these tools are not based on 
a holistic, unified meta-model. A unified meta-model can 
overcome many problems with respect to information inte 
gration, redundancies, traceability and communication 
between different abstraction levels, as well as between pro 
cess perspectives. Other issues may also exist that contribute 
to the fact that design of process models remains a complex 
task. 
By integrating semantic web technologies into a frame 

work designed for business process modeling, process per 
spectives and abstraction levels can be provided to reduce the 
inherent complexity in business process modeling. The 
semantic web technologies can provide an underlying ontol 
ogy that can be used to define an enterprise meta-model. 
Process Perspectives 

FIG. 1 is a block diagram illustrating six process perspec 
tives 100, according to an example embodiment. The process 
perspectives 100 include a functional perspective 110, a moti 
vational perspective 120, a organizational perspective 130, a 
resource perspective 140, a compliance perspective 150, and 
a behavioural perspective 160. The process perspectives are 
visualized in FIG.1 as orthographic projections, such as those 
used in mechanical and physical engineering disciplines to 
create detailed drawings of physical objects. These process 
perspectives can enable a process modeler to easily manage 
and navigate around the various perspectives in process 
design. 
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4 
The functional perspective 110 can provide a functional 

breakdown of activities that an enterprise performs. Starting 
from high-level business functions 112 (e.g., value chain) 
coarse-grained functions can be broken down into finer 
grained functional units by means of functional decomposi 
tion. Functional decomposition can be useful for capturing 
and managing complexity. The functional perspective 110 
can also include process activities 114. Process activities are 
single tasks or steps, which when combined constitute a pro 
CCSS, 

In this embodiment, the motivational perspective 120 
includes key performance indicators (KPI) 124, goals 122, 
and strategy 126. The notion of motivation is important for 
business processes because an enterprise needs to consider 
and track why it executes a particular process. In certain 
examples, this perspective can be divided in two segments: 
intentional and directional. The intentional segment captures 
the enterprise aspirations—the things the enterprise wishes to 
achieve (e.g., goals 122). Every business process exists for the 
purpose of achieving some goal, which should be made 
explicit. When formulating a process goal, it is useful to think 
about quantifiable results. An example method of formulating 
quantifiable results is to define appropriate KPIs 124 along 
dimensions, such as time, cost, or quality, which measure the 
process and then determine corresponding values. 
The directional segment describes what the enterprise may 

employ to achieve its goals 122. Such as Strategies 126, busi 
ness policies, and business rules. The strategy 126 can shape 
a method for reaching a goal, for example by channeling 
efforts towards a goal. Business policies and business rules 
exist to control, guide, and shape strategies. With respect to 
processes, it is important to know how a particular business 
process fits into the overall strategy (plan) and what business 
policies and rules guide (affect) the strategy's execution. 

In this embodiment, an organizational perspective 130 can 
represent which roles and/or organizational units within the 
organization perform a given process activity. FIG. 1 depicts 
the Organizational perspective 130, which includes Organi 
zational Units 132, Roles 134, and Process Owners 136. The 
elements included in the Organizational perspective 130 
depicted in FIG. 1 can also be referred to as stakeholders. 
When modeling business processes, it may be important to 
stress that processes can run across one or more organiza 
tional units within a functional or divisional hierarchy. In an 
example, a role of the roles 134 is defined as a task and 
responsibility bundle that can be distinguished from the indi 
viduals performing the role 134. The role of the roles 134 can 
be held by different individuals and one individual can hold 
several roles of the roles 134. Depicting roles and processes 
separately enables grouping tasks that belong together and 
that should be separated from a process perspective before 
mapping them to the organizational structure. In an example, 
the process owner 136 is a manager accountable for end-to 
end execution of the process; this can be modeled as a special 
role 134 in the context of the processes. 
The resource perspective 140 can describe the various 

applications and resources that may be used when carrying 
out certain process activities (e.g., objects, IT systems, or 
resources needed in order to accomplish the activity). In this 
embodiment, the resource perspective 140 includes objects 
142, technology 144, and media 146. The resource perspec 
tive 140 may also include results of certain activities in a 
process (output). Since the resource perspective 140 can 
assign input and output parameters to process activities, it can 
also include data dependencies (e.g., data flow) between pro 
cess activities. In some examples, processes can be viewed as 
transformations that manipulate the objects 142 (e.g., create, 
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change, or delete); thus, it may be relevant for the process to 
capture information about the objects 142 undergoing the 
transformations and the states the objects 142 take on during 
the transformations. The technology 144 (e.g., systems, hard 
ware) can be seen as an enabler for certain steps in the process 
in terms of persistency and efficiency. The media 146 used in 
a process may have a tight connection to any objects 142 and 
data involved in the process. 

In the present embodiment, the compliance perspective 
150 represents compliance requirements within process mod 
els. Properly addressing compliance requirements is of high 
importance to businesses in today's business and regulatory 
environment. Regulatory requirements can impose specific 
tasks that must be incorporated into the relevant business 
processes in order to maintain compliance. Thus, it is impor 
tant to capture and incorporate tasks dictated by regulations 
into process models. 
The behavioural perspective 160 captures process control 

flow—it represents a logical ordering of process activities and 
any causal interrelationships created. The behavioural per 
spective 160 can be seen as a core of a process representation 
and provides a connection point for the other perspectives. 

In an example embodiment, a process-oriented enterprise 
ontology framework can capture all of the perspectives illus 
trated by FIG. 1. Using the specified relationships between 
the perspectives, the process modeler can easily navigate 
through different aspects of a process representation and a 
process space of an enterprise. A process-oriented enterprise 
ontology framework (referred to previously as a unified meta 
model or an enterprise meta-model) in conjunction with a 
modeling tool that Supports process perspectives can easily 
answer questions such as: “What resources are used by pro 
cess A2. “What is the goal of process B?’.“Which processes 
does the organizational unit C participate in?’, and “What 
processes are currently performed by business function D?” 
Abstraction Levels 

FIGS. 2A-2D are block diagrams illustrating three role 
based abstraction levels, according to an example embodi 
ment. FIG. 2A depicts an example enterprise meta-model 
without any abstraction levels applied, while FIGS. 2B-2D 
depict an application of three different role-based abstraction 
levels to the enterprise meta-model. The example abstraction 
levels include an executive level 202, a manager level 204, 
and a business analyst level 206. Referring to FIG. 2A, the 
enterprise meta-model 200 includes purpose and goal 212, 
strategy 214, key performance indicators 216, resources 220, 
stakeholders 230, process flow 242, business rules 244, and 
compliance 246. In an example, resources 220 can include 
objects 222, technology 224, and media 226. In another 
example, stakeholders 230 can include process owner 232, 
roles 234, and organizational units 236. The enterprise meta 
model 200 can include elements that correspond to the ele 
ments depicted in the various process perspectives illustrated 
in FIG. 1. 

FIG. 2B is a block diagram illustrating an enterprise meta 
model with a executive abstraction level applied, according to 
an example embodiment. In this embodiment, the executive 
(strategic) level 202 of abstraction includes portions of the 
enterprise meta-model 200 shown in FIG. 2A (e.g., purpose 
and goals 212, strategy 214, key performance indicators 216, 
resources 220, stakeholders 230, and compliance 246). In 
certain examples, a size of the elements illustrated in FIG. 2B 
indicates the level of complexity or detail included in the 
abstraction. The executive level 202 allows for setting the 
enterprise goals and general strategic direction, as is shown in 
FIG. 2B. Key performance indicators 216 can be determined 
for measuring the progress in achieving goals. Business poli 
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6 
cies can be defined in order to govern courses of action for the 
enterprise. Artifacts 250 created through the executive level 
202 may include business goal specifications, strategy docu 
ments, and policy guidelines. Individual artifacts 250A, 
250B, and 250C represent example artifacts 250 that may be 
created at the executive level 202. The artifacts 250 on this 
level of abstraction provide the motivation (e.g., “why”) for 
the processes within the organization, which are defined on 
further levels. The modeling techniques utilized at the execu 
tive level 202 can be rather informal or ad-hoc (e.g., flip chart 
techniques or mind maps). 

FIG. 2C is a block diagram illustrating the manager level 
204 abstraction level, according to an example embodiment. 
In this embodiment, the manager level 204 of abstraction 
includes purpose and goal 212, key performance indicators 
216, resources 220, stakeholders 230, process flow 242, and 
compliance 246. In certain examples of the manager level 
204, the stakeholders can include process owner 232 and roles 
234. Based on the artifacts 250 produced at the executive level 
202, line of business managers may need to provide quick and 
intuitive overview of the business processes of an organiza 
tion. The aim is to depict processes from a high-level perspec 
tive with a focus on understanding key points of the process. 
These high-level processes may be referred to as business 
scenarios 260, whereby each of the business scenarios 260 
represents a set of logically related business processes per 
formed to achieve defined and measurable business goals. 
FIG.2D is a block diagram illustrating the business analyst 

level 206, according to this example embodiment. The busi 
ness analyst level 206 includes purpose and goal 212, 
resources 220, stakeholders 230, process flow 242, and busi 
ness rules 244. In this example, resources 220 also include 
objects 222, technology 224, and media 226. Furthermore, 
stakeholders 230 may include roles 234 and organizational 
units 236. 

Unlike the abstraction levels 202 and 204, depicted in FIG. 
2B and FIG. 2C respectively, the business analyst level 206 
abstraction faces a variety of purposes in modeling. The pur 
poses can include business process documentation, process 
improvement, and system requirements specification, among 
others. Process models or artifacts 270 created at the business 
analyst level 206 detail each of the business scenarios speci 
fied at the other abstraction levels and can serve as a starting 
point for an underlying information system implementation. 
There are numerous modeling techniques (e.g., Event-driven 
Process Chain (EPC), Business Process Modeling Notation 
(BPMN), Unified Modeling Language (UML) Activity Dia 
grams) used in the area of business process modeling. How 
ever, the Business Process Model Notation (BPMN) has 
recently emerged as the de-facto standard in the area and is 
used as a starting point in an example implementation 
detailed below. 
The process modeling visualization technique only pro 

vides a starting point. A major problem can occur if the 
artifacts 250, 260, 270 produced within each of the abstrac 
tion levels are not interconnected and integrated. A lack of 
interconnection or integration can cause problems in commu 
nication, inconsistencies, redundancies, and traceability 
between the abstraction levels and may result in a significant 
amount of manual work. 
The aforementioned process-oriented enterprise ontology 

framework can serve as a common meta-model for all 
abstraction levels, as shown in FIG. 2A. Using meta-model 
projection can derive the abstraction level-specific models 
depicted in FIGS. 2B-2D. The process-centric knowledge 
depicted in FIG. 2A can be present on each level of abstrac 
tion in Smaller or greater detail. Some parts of the enterprise 
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knowledge retained in the enterprise meta-model 200 can 
grow stronger as we move down the abstraction levels (e.g., 
process flow). 
Of course, high-level knowledge Such as Strategic goals 

and core strategy plans do not vanish as the abstraction levels 
include a level of higher detail, as shown in FIGS. 2C and 2D. 
The artifacts 250, 260, 270 are refined and are superimposed 
by a more concrete view. For example, strategic goals become 
measurable and timed operational goals and strategic direc 
tions transform into detailed process plans. In an embodi 
ment, the executive level 202 abstraction encompasses con 
cepts related to the motivational perspective (e.g., goals, 
strategy, KPIs, etc.), but the executive level 202 is not inter 
ested in detailed process flows, information systems Support 
ing the processes, or business objects. In this embodiment, the 
enterprise meta-model 200 can be reduced (e.g., configured) 
to the executive level-specific needs and a new model is 
generated by meta-model projection, as shown in FIG.2B. As 
has been described above, this approach can be extended to 
derive abstraction-level specific models for the line of busi 
ness manager (FIG. 2C) and business analyst levels (FIG. 
2D). By having a unified enterprise meta-model 200, the 
artifacts (e.g., artifacts 250, 260, 270) created within a par 
ticular abstraction level can be integrated with artifacts cre 
ated at the other abstraction levels, allowing for the artifacts to 
be more easily traced and navigated across all abstraction 
levels created for a particular enterprise. 
Visual Modeling Implementation Overview 

FIG.3 is an illustration of a user-interface screen depicting 
a visual rule modeling interface with a compliance perspec 
tive applied, according to an example embodiment. FIG. 3 
illustrates an implementation extending BPMN by adding 
new visual elements and auto-layout algorithms, among other 
things. The extensions to BPMN and the integration of a 
process-oriented ontology framework (e.g., enterprise meta 
model 200) focus on enabling the multiple view modeling 
paradigm discussed above in reference to FIG. 1-FIG. 2D. 

FIG. 3 depicts a rule modeling perspective, which is a 
result of meta-model projection to the compliance perspec 
tive from FIG.1. Compliance requirements are expressed in 
terms of business policies and rules which implement the 
compliance requirement. Hence, the user is provided with a 
modeling notation for designing business rules which are to 
be adhered to within process models. 

In order to Support various abstraction levels as depicted in 
FIG. 2A-FIG. 2D, BPMN constructs for depicting business 
scenarios are used within a manager modeling view 400 
depicted in FIG. 4. FIG. 4 is an illustration of a user-interface 
screen depicting a visual modeling interface with a business 
line manager abstraction level applied, according to an 
example embodiment. A particular step in the scenario can be 
detailed through attaching a process by selecting a set process 
definition 402 menu item as shown in FIG. 4. At any point in 
time, the user can choose to see a more detailed view of the 
selected portion of the business Scenario by selecting a view 
process definition 404 menu option, which is then opened for 
editing in a business analyst modeling view 500, as depicted 
in FIG. 5. 

FIG. 5 depicts the business analyst modeling view 500 for 
the compliance perspective, according to an example 
embodiment. The business analyst modeling view 500 Sup 
ports the full BPMN specification and allows for adding 
details to process descriptions. The additional details assist in 
the technical implementation of the process models within 
target information systems. 
A user can easily select the desired modeling perspective or 

abstraction level through the perspective 302 menu and view 
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304 menu provided as a menu options within each of FIG. 
3-FIG. 5. Providing a unified enterprise meta-model enables 
integration of the artifacts created in various perspectives/ 
views and thus provides top-down linkage and bottom-up 
traceability in an organization's process space. Also, separa 
tion of concerns in process design through this approach 
significantly reduces the complexity of process modeling. 
Furthermore, the formal description of different process 
aspects enables advanced types of business process analysis. 
Compliance Embodiment 

FIG. 6 is a block diagram illustrating a system for integrat 
ing process perspectives and abstraction levels into business 
process modeling, according to an example embodiment. The 
system 600 includes a business policy and rule modeling 
engine 610, a business process modeling engine 620, a policy 
matching module 630, a validation module 640, and a reposi 
tory 650. In certain examples, the business policy and rule 
modeling engine 610 can include a visual policy and rule 
modeling module 612 and a business policy and rule formal 
ization module 614. The business process modeling engine 
620 can also include a visual process modeling module 622 
and a business process formalization module 624. In some 
examples, the repository 650 can include a business policies 
and rules database 652, a business processes database 654, 
and a framework and application ontologies database 656. In 
an example, the enterprise meta-model 200 discussed above 
is stored within the repository 650. 
The business policy and rule modeling (BPRM) engine 610 

allows a process modeler to model business policies and 
business rules using a process-oriented enterprise ontology 
framework and application ontologies of an enterprise, stored 
within the repository 650. Besides describing business poli 
cies in natural language, the BPRM engine 610 allows users 
to model the context of a business policy using elements 
defined in enterprise models formalized as ontologies. In 
some examples, the BPRM engine 610 includes a visual 
policy and rule modeling module 612 that provides a visual 
rule editor that enables visual rule modeling by dragging and 
dropping elements defined in an ontology. The BPRM engine 
610 can also enable a user to define a business policy’s imple 
mentation using business rules and other business policies 
stored in the repository 650. Finally, in some examples, the 
BPRM engine 610 can formalize modeled business policies 
as instances of the Business Policy and Rule Ontology 
(BPRO), which can also be stored in the repository 650. Some 
important concepts, attributes, and relations in BPRO that are 
utilized are shown in FIG. 7 as a class diagram using the 
stereotype extensibility mechanism of UML. 

Referring to FIG. 7, in addition to standard attributes such 
as PolicyID, PolicyName, and Natural LanguageIDescription, 
a business policy 702 can integrate with other enterprise 
models and concepts in other ontologies 704 using the context 
relation 706. Using the context relation 706, it is possible to 
capture rationale for existence of the business policy 702 by 
connecting to a goal or strategy defined in business motiva 
tion model of an enterprise. Similarly, by connecting to other 
enterprise models 704 it is possible to capture the applicabil 
ity criteria of the business policy 702. For example, a business 
policy 702 applicable to all business processes involving a 
particular organization unit can be achieved by integrating an 
organizational unit from the organizational structure model to 
a business policy using the context relation 706. In another 
example, it is possible to restrict the scope of abusiness policy 
702's applicability by associating the business policy 702 
with a particular business function from a functional view of 
an enterprise. The applicability criteria of the business policy 
702 captured by integrating it with other enterprise models 



US 8,468,491 B2 

704 defines the context relation 706 of the business policy 
702. This can enable integration of a business policy model 
with other enterprise models. The capture of contextual infor 
mation of business processes and business policies is 
addressed partially with respect to business policies. How 
contextual information, with respect to business processes, is 
captured is discussed below. 
The business policy 702 can be composed of other business 

policies using a relation contains BusinessPolicy 708 and/or 
business rules 710 which implement the business policy 702 
using a relation implements 712. For example, a high-level 
business policy 702 can be composed of many low-level 
operational business policies that are in turn implemented as 
business rules. The business rules 710 are more formal com 
pared to the business policies 702 and hence it is possible to 
enforce automatically or semi-automatically business poli 
cies 702 in terms of business rules 710 on business process 
models. Similarly, a business rule 710 can call other business 
rules 710 using a relation callsBusinessRule 714. These rela 
tionships allow for composition and organization of business 
policies 702 and business rules 710. 

In addition, natural language description of business rules 
710 can also be specified using an attribute NaturalLanguage 
Description of the business rule 710. In an example, there is 
no restriction in building business rules 710 using elements 
from any particular ontology. Business rules 710 constraining 
not only process models but also any other enterprise model 
can be built using elements defined in any ontology from the 
repository 650. Hence, specification of business rules 710 for 
other enterprise models can be accomplished. Therefore, the 
business rule 710 can beformed involving multiple enterprise 
models, and similarly, the business policy 702 can include 
business rules 710 constraining many enterprise and process 
models. This enables consideration of the complex nature of 
enterprise models and business process models while model 
ing business policies 702 and rules 710. A simple example of 
this concept is discussed below under the heading Policy 
Modeling Example. 

Referring again to FIG. 6, in an example embodiment, the 
BPRM engine 610 includes a business policy and rule for 
malization module 614 that transforms a visually modeled 
rule into a constraint that can be enforced on process models 
and saved in the repository 650, as an axiom. The business 
policy and rule formalization module 614 relieves users from 
needing to know formal logics and provides a transformation 
from modeling language to underlying formal logics. The 
business policy and rule formalization module 614 also 
addresses the issue of modeling tools that lack a means of 
visualization for complex axioms of an ontology. 
The formal language specification for business policies 

and rules is provided by the underlying formal logics of the 
ontology language used to model the business policies and 
rules. In an example embodiment, the ontology language 
used is the Flight variant of Web Service Modeling Language 
(WSML) based on Web Service Modeling Framework 
(WSMF). WSML Flight is based on a datalog subset of 
F-Logic. WSML Flight allows datalog style rules (e.g., head: 
-body) for inferring new knowledge (e.g., head) when a set of 
conditions (e.g., body) are true. It also enables modeling of 
database style constraints which contain only the body and 
begin with a symbol (-). This embodiment allows for mod 
eling of business rules that result in inferring new knowledge 
as well as modeling constraint style business rules that can be 
enforced on process models. In this embodiment, WSML 
Flight provides a formal platform for capturing information 
related to process and enterprise models in order to perform 
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10 
formal analysis. Other examples of formal languages that can 
be used include F-Logic or Semantic Web Rule Language 
(SWRL). 
The business process modeling engine 620 enables a pro 

cess modeler to use Business Process Modeling Notation 
(BPMN) to model processes. In certain examples, the busi 
ness process modeling engine 620 includes a business pro 
cess formalization module 624 that can transform a BPMN 
process model into an instance of a Business Process Ontol 
ogy (BPO). In certain examples, the transformation is based 
on a J-calculus formalization of workflow patterns. In some 
examples, the Business Process Ontology is stored in the 
repository 650. 
A business process model can be enriched with the pro 

cess-related information (e.g., a business function it per 
forms, an organizational unit which performs it, a process 
goal, a metric, etc.) by means of semantic annotation. Pro 
cess-oriented enterprise ontology framework and ontolo 
gized enterprise models provide the process-related informa 
tion. This enrichment of a business process model with 
process-related information defines its context as it captures 
information regarding its design and execution situation. 
Similarly, business policies can also be attached to a business 
process model using semantic annotation. 

Explicit capture of contextual information of processes and 
policies can be useful to assist the process modeler in finding 
relevant policies for a given process. The system 600 includes 
a policy matching module 630 that can help to overcome the 
problem of locating relevant business polices and rules by 
providing a ranked list of business policies with respect to the 
currently modeled process. The business process modeling 
engine 620 allows the process modeler to make a final deci 
sion on the applicability of results returned by the policy 
matching module 630. The matchmaking process as engaged 
by the policy matching module 630 can be defined as a pro 
cess that returns all advertisements from a repository where 
those advertisements are published that may potentially sat 
isfy the requirements specified in a given request as input. In 
this example embodiment, business policies are the advertise 
ments that are published with their context in the repository 
650. The context of the currently modeled process acts as a 
request. The process modeler is interested in finding all 
potentially relevant business policies for the process being 
modeled. 

In an example embodiment, the matching algorithm 
defines three different types of matches: exact, relaxed, and 
no match. Since WSML Flight works with instances of con 
cepts, matching (e.g., exact, relaxed, and no match) is defined 
with respect to instances in this example. A different formal 
ization language may enable a different matching granularity. 
An exact match occurs if the same instance used in the pro 
cess context also appears in the policy context. A relaxed 
match can occur in one of the following example cases: (1) if 
an instance in the policy context has the same concept as the 
instance in process context, (2) if the concept of an instance in 
the policy context is a Super-concept of the concept of an 
instance in the process context, (3) if the concept of an 
instance in the policy context is Sub-concept of the concept of 
an instance in the process context. No match occurs when an 
instance in the process context has no instance in the policy 
context for the whole concept hierarchy in the corresponding 
ontology. In this example, exact matches are preferred over 
relaxed matches. 
The policy matching module 630 may need to take into 

account that a process context can be formed by instances of 
concepts in different ontologies. Hence each addition of an 
instance to the process context increases the scope of the 
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search. For example, consider application ontologies of XYZ 
enterprise as shown in FIG.8. FIG. 8 illustrates an example 
ontology 800 that includes set of business function 810 con 
cepts and a set of organizational unit 830 concepts, as well as 
various instances 820, 822, 840, 842, and 844. The business 
function 810 includes child concepts finance management 
812, budget management 814, and cash management 816. 
The organizational unit 830 concept includes child concepts 
permanent 832, sales department 834, and finance depart 
ment 836. A financial process of XYZ enterprise may have a 
context containing an instance corresponding to the finance 
management 812 business function, namely FM XYZ 820, 
and an instance corresponding to the finance department 836, 
namely FD XYZ844. In this example, the process modeler 
might be interested in business policies not only containing 
both FM XYZ 820 and FD XYZ 844 instances in context, 
but also those business policies that contain either one of 
them. Therefore, each instance in the process context needs to 
be checked separately; hence the scope increases. In certain 
examples, it may be necessary (or desirable) to find business 
policies for the whole concept hierarchy (e.g., a business 
process with a context BM XYZ822 may still need to satisfy 
business policies with FM XYZ 820 as a context), as budget 
management 814 is a specialization of finance management 
812. This example corresponds to the second category of 
relaxed matches. The scope of search also increases on tra 
versing up the concept hierarchy and business policies con 
taining BM XYZ822 as context information will also appear 
in search results, since budget management 814 is one of the 
finance management 812 activities. However, this type of 
relaxed match will be ranked lower when compared to exact 
matches. 
The policy matching module 630 may also check process 

context against the context of all business policies in the 
business policy and rules database 652. An example algo 
rithm begins by looking for an exact match for each instance 
in the process context against a business policy context. If an 
exact match is not found, then relaxed match checks are 
performed for the whole concept hierarchy and a list of 
matched instances for the business policy context is recorded. 
Finally, the number of instances that have exact matches and 
the number of instances that have relaxed matches are 
recorded. In this example, a business policy is selected if at 
least one instance of its context matches with any instances in 
the process context either through exact or relaxed match. 
Subsequently, ranking occurs based on the number of exact 
matches and the number of relaxed matches. A business 
policy is ranked higher if it has a higher number of exact 
matches compared to others. If the number of exact matches 
is the same, then the number of relaxed matches is considered 
in the ranking process. 
The policy matching module 630 provides support in find 

ing relevant business policies for a process model. A ranked 
list of relevant business policies is provided to assist the 
process modeler in making final decisions regarding the rel 
evance of each returned policy to the currently modeled busi 
ness process. 

Referring now to FIG. 9, in this embodiment, the process 
modeler can select business policies from the ranked list for 
validation against a process model. The validation is per 
formed by the validation module 640. Violation of any busi 
ness rules that are specified as constraint axioms inside 
selected business policies is automatically detected through 
logical reasoning by the validation module 640. The valida 
tion module 640 can perform a consistency check on the 
knowledge base formed of all relevant ontologies via a 
WSML Flight reasoner 644. In this example, knowledge base 
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648 is formed of the following ontologies: process-oriented 
enterprise ontology framework 660, application ontologies of 
an enterprise 662, process model ontology 666, and business 
policies and rules ontologies from repository based on 
request from process modeler 664. Additionally, other 
ontologies not specifically depicted in FIG. 9 can also be 
included. Such as ontologies corresponding to additional 
business policies which the process modeler has selected 
from a ranked list of business policies provided by the policy 
matching module 630, ontologies of business rules, and enter 
prise models that are used either in a business process model, 
business policies, or business rules. Finally, a feedback com 
ponent 642 of the validation module 640 provides the feed 
back to the process modeler depending on the status of the 
consistency check. If the consistency check fails, then the 
feedback component 642 provides the natural language 
description of the violated business rule(s) instead of the 
associated business policy, since the business policy may be 
implemented by several business rules. The natural language 
description of the business rule provides the process modeler 
enough information regarding what led to the detected failure 
and how to overcome it. Thus, the validation module 640 is 
capable of providing intelligent feedback on failures. 

In certain examples, logical reasoning is used to answer 
queries to the knowledge base 648 regarding traceability and 
change impact analysis. Examples of the types of queries that 
can be useful for change impact and traceability analysis 
include, but are not limited to: which business rules are part of 
a business policy implementation; in which business policies 
do a business rule participates; which processes need to be 
validated again after change in a given business rule; which 
business rules need to be checked again on change of a pro 
cess; which business rules make use of a particular conceptor 
instance of a concept from an ontology. The example system 
described herein is capable of providing responses to all Such 
queries through the use of logical reasoning. 
Technical Implementation Example 

FIG. 10 is a block diagram illustrating a technical imple 
mentation of the business policy and rule modeling engine 
610, according to an example embodiment. The various com 
ponents used within the implementation of a system 1000 are 
shown in an architecture diagram using fundamental model 
ing concepts (FMC) notation. The system 1000 includes a 
business policy and rule modeling user interface 1004, an 
ontology component 1006, a visual component 1008, a rea 
soner component 1010, a visual ontology 1012, and the 
repository 650. In an example, the ontology component 1006 
includes a rule syntax checker 1014, an ontology API 1016, 
and a parser/serializer1018. Additionally, the reasoner com 
ponent 1010 can include an ontology2logic program 1020 
and a reasoner 1022. 

In this example embodiment, a policy modeler 1002 inter 
acts with the business policy and rule modeling user interface 
1004, which provides visual modeling elements depending 
upon whether a business policy or a business rule is being 
modeled. The business policy and rule modeling user inter 
face 1004 also supports the policy modeler 1002 by loading 
different ontologies for modeling policies or rules. The visual 
component 1008 supports the grammar of the visual model 
ing elements that are based on the ontology elements pre 
sented by the business policy and rule modeling user interface 
1004. The policy modeler 1002 can model business policies 
and business rules by dragging and dropping different ele 
ments of an ontology, such as concepts or instances. The 
visual component 1008 interacts with the business policy and 
rule modeling user interface 1004 and also handles various 
events arising due to user interaction, thereby separating the 
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presentation layer from the underlying application logic. The 
visual component 1008 interacts with the ontology compo 
nent 1006 that provides ontology-related functions such as 
parsing and serializing an ontology using the parser/serializer 
1018. The visual component 1008 also interacts with the 
visual ontology 1012 component which transforms a visually 
modeled business policy or rule into an instance of BPRO. 

In an example of modeling a business rule, the visual 
ontology 1012 component is also responsible for transform 
ing the visually modeled business rule into an axiom in the 
underlying ontology language. In an example, the underlying 
ontology language is WSML Flight. The axiom is then 
checked for its syntactic grammar based on the underlying 
ontology language by the rule syntax checker 1014 in the 
ontology component 1006. Once the modeled business rule 
has been checked to ensure its syntactical correctness, 
according to the visual and underlying ontology language 
grammars, then an instance of BPRO is created. Finally, the 
modeled business policy or rule is saved into the repository 
650 using the parser/serializer 1018 portion of the ontology 
component 1006. In certain examples, the modeled business 
policy or rule will be stored in the business policy and rule 
database 652. In this example, the reasoner component 1010 
is used to ensure that different ontologies used to build the 
business policy or rule are consistent. The reasoner compo 
nent 1010 is also used in the validation module 640 as 
depicted in FIG. 6 and FIG. 9. The ontology2logic program 
1020 within the reasoner component 1010 is used to convert 
an ontology into an underlying reasoner language. Such as 
datalog. In an example, the ontology2logic program 1020 
translates the ontology representation from an XML-like for 
mat, such as WSML, to a logic program that can be under 
stood and operated on by the reasoner 1022. 

In this example, the business policy and rule modeling user 
interface 1004, the visual component 1008, and the ontology 
component 1006 provide the functionality of the visual policy 
and rule modeling module 612 of FIG. 6. While the ontology 
component 1006, visual ontology 1012 and reasoner compo 
nents 1010 provide the functionality of the business policy 
and rule formalization module 614, the ontology component 
1006 is used in both the cases as it provides basic function 
ality, such as the ontology API 1016 that is used by both 
modules. 
Policy Modeling Example 

In this example, the system 1000 is used to model a sample 
business policy and enforce it on a process model in an 
example scenario. A Separation of Duty (Sold) policy that has 
wide application as a security mechanism is the focus of this 
example. In one embodiment, SoD policy States that more 
than one user (or role) is required to complete a sensitive task. 
For example, a single user (or role) cannot concurrently per 
form a certain set of activities within an enterprise. An enter 
prise may build an SoD matrix that explicitly captures viola 
tion scenarios (e.g., both roles are not assigned to the same 
user) corresponding to a cell where two roles cross in the 
matrix. A common application of an SoD policy is in financial 
management activities where an accountant typically per 
forms accounting functions, such as recording financial data 
activity, and an auditor is responsible for financial functions, 
Such as preparing financial statements. 

In order to enrich semantic business process models using 
semantic annotations, the process-oriented enterprise ontol 
ogy framework is extended and an application ontology with 
concrete instances of the concepts is created. However, mod 
eling business rules does not require extending an ontology to 
define concrete instances as business rules usually apply to all 
process models unless a business rule is built for one particu 
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14 
lar process model. Moreover, a business rule created for a 
particular process model may be prone to frequent changes 
whenever the process model changes. Hence, business rules 
are typically created using concepts declared in various 
ontologies as concepts are less prone to changes. 

In the SoD policy example, the business role ontology of 
the process-oriented enterprise ontology framework is 
extended to create the application business role ontology. In 
this example, the application business role ontology contains 
concrete instances of concepts, including an accountant role 
and an auditor role. Similarly, the business function ontology 
is extended to create concrete instances of concepts, includ 
ing finance-management, accounting, and financial state 
ments. The respective instances can be named FinanceMan 
agementInstance, Accounting Instance, and 
FinancialStatementsInstance. 

Enforcement of the SoD policy may include modeling 
three independent business rules, which together implement 
this policy. First, a business rule requiring the accountant role 
to perform a recording financial data process is created. Sec 
ond, a business rule requiring that the auditor role perform a 
preparing financial statement process is created. Finally, a 
business rule ensuring that no user has both the accountant 
and auditor role is created. The last (third) business rule 
constrains the organizational structure model of an enterprise 
by placing a limitation on which personnel can hold certain 
roles. This demonstrates how business rules are formulated 
not only for process models but also for other enterprise 
models. A single business policy can affect more than one 
model and not only more than one process model, but any 
combination of different enterprise models. 

FIG. 11 is a user-interface illustration depicting a visual 
modeling tool, according to an example embodiment. Visual 
modeling of the second business rule regarding financial 
statements, discussed above, is shown in FIG. 11. This 
example user interface 1100 includes six main views, includ 
ing an ontologies view 1102, an attribute view 1104, a mod 
eling view 1106, a formal rule view 1108, a rule dependency 
view 1110, and a palette view 1112. The ontologies view 
1102 is used to load a desired ontology that is going to be used 
to model a business rule. Once an ontology is loaded, all its 
concepts, instances, attributes, and relations can be dragged 
and dropped into the modeling view 1106 to model abusiness 
rule. The palette view 1112 provides additional visual ele 
ments for modeling a business rule. The modeling view 1106 
is used to visually model business rules by dragging and 
dropping visual elements and ontology elements from the 
palette view 1112 and ontologies view 1102, respectively. 
The attribute view 1104 displays the attributes of a visual 
element selected in the modeling area. If no visual element is 
selected, then the attribute view 1104 displays general 
attributes of the rule being modeled. The attribute view 1104 
can also be used to specify what type of rule is being modeled, 
such as an inference rule or a constraint. The formal rule view 
1108 provides a formal representation of the modeled rule in 
a formal language, such as WSML Flight language in this 
example. The rule dependency view 1110 shows a list of 
business rules called in reference to the currently modeled 
rule (e.g., see the relationships discussed above in reference 
to FIG. 7). 

This example visually models business rules in WSML 
Flight and does not aim to develop a generic visual rule 
modeling language. The oval shape in the modeling view 
1106 represents a concept defined in an ontology. The circle 
represents a relation between two or more concepts. The 
dotted arrow around the circle indicates the negation as fail 
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ure (naf). WSML Flight is based on a Logic Programming 
paradigm, which operates with a closed world assumption. 

This example implementation is based on the notion of 
anti-patterns, the explicit capture of violation scenarios, and 
their detection in models. Hence, the visual modeling of a 
violation scenario for the second business rule is shown in 
FIG. 11. In the present embodiment, the visual model states 
that a violation occurs when any process p is annotated with 
any instance of the Financial Statements business function 
fs and is not annotated with any instance of the auditor role 
a. The business rule is modeled using concepts compared to 
concrete instances because of the benefits mentioned earlier. 
Hence, variables are used to represent instances in the busi 
ness rule that can be evaluated against all concrete instances 
by the reasoner upon validation by the validation module 640, 
for example. The formal rule view 1108 displays the equiva 
lent WSML Flight logical expression, and the natural lan 
guage description of this business rule is also provided in the 
attribute view 1104. 
The example rule discussed above ensures that an auditor 

role is annotated to the process involving financial statements. 
However, the rule requiring an auditor does not prevent addi 
tional roles from being added in addition to the auditor. Thus, 
another rule called from this rule may be shown in the rule 
dependency view 1110. Note that since the business rule to 
avoid additional role attachment is more closely related to the 
second business rule, it is called from the second business rule 
instead of being attached to the business policy directly. The 
first business rule regarding the accountant role requirement 
for any process involving the recording of financial data and 
the third business rule stating that no user can have both roles 
may be modeled in similar manners. 

In addition to attaching the three business rules to the SoD 
policy, contextual information to be used by the policy match 
ing module 630 to find relevant business policies, while mod 
eling a business process can also be attached to the policy. In 
this example scenario, the FinanceManagementInstance can 
be attached as contextual information to indicate that this 
policy applies to finance management processes. 

To demonstrate enforcement of the above modeled SoD 
policy, a simple financial business process model using 
BPMN notation is considered in FIG. 12. The process model 
1200 includes a record financial data 1202 process and a 
preparing financial statements sub-process 1204. The process 
model 1200 contains an expanded sub-process, the preparing 
financial statements Sub-process 1204, that in turn consists of 
a single task embedded sub-process, included to demonstrate 
that abstraction levels of processes can be handled. The pro 
cess record financial data 1202 can be part of other complex 
processes, such as a purchase or sales process where financial 
data is recorded when payment is either made or received. 
The example business process model 1200 depicted in 

FIG. 12 is annotated with the instances from the application 
business role and business function ontology as described 
earlier, in reference to FIG.11. The record financial data 1202 
process performs an accounting task, as demonstrated by the 
annotation AccountingInstance. The record financial data 
task 1202 also requires an accountant role, demonstrated by 
the annotation of Accountantinstance. Similarly, preparing 
financial statements sub-process 1204 is annotated with 
instances including FinancialStatementsInstance and Audi 
tornstance instance from application ontologies of an 
example enterprise. Finally, the business process model 1200 
can be annotated with FinanceManagementInstance as con 
textual information to find relevant business policies for vali 
dation. 
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The business process model 1200 shown in FIG. 12 is 

consistent with the first two business rules. If the organiza 
tional structure model is also consistent, there will not be any 
violation of the example SoD policy. However, consider an 
example in which the Auditorinstance role is either not 
attached or some other instance of a role is attached to the 
preparing financial statement task 1204. In this alternative 
example, the business rule requiring an auditor instance and 
no other role instance is violated and an error message with 
natural language description of the violated business rule is 
displayed by the system. 
Policy Matching 

FIG. 13 is a block diagram illustrating a system 1300 for 
policy matching and ranking, according to an example 
embodiment. The system 1300 can provide a context-based 
policy matching and ranking function, which can be used by 
the business process modeling engine 620. The system 1300 
can include the business process modeling engine 620, the 
policy matching module 630, a reasoner module 1308, and 
the repository 650. In this example embodiment, the policy 
matching module 630 includes a policy recommendation 
module 1302, a process context extraction module 1304, and 
a policy ranking module 1306. 

In this embodiment, the policy recommendation module 
1302 coordinates providing a ranked list of policy recommen 
dations based on the process model being developed within 
the business process modeling engine 620. The policy rec 
ommendation module 1302 works with the process context 
extraction module 1304 to extract a process context from the 
current process model. In this example, the process context 
extraction module 1304 interacts with the business process 
formalization module 624 (shown in FIG. 6) to obtain the 
formal representation of the current process being modeled. 
The policy ranking module 1306 is used to rank a list of 
relevant policies based on the matching algorithm discussed 
above. In certain examples, the policy ranking module 1306 
performs ranking, in conjunction with the reasoner module 
1308, by finding exact or relaxed matches. 
The reasoner module 1308 can be used to assist in extract 

ing the current process context, obtaining policies relevant to 
the current context, and ranking the list of relevant policies. 
The reasoner module 1308 is connected to the policy recom 
mendation module 1302, the process context extraction mod 
ule 1304, the policy ranking module 1306, and the repository 
650. 

FIG. 14 is a block diagram illustrating a matching algo 
rithm 1400 for matching policies to process models, accord 
ing to an example embodiment. The matching algorithm 1400 
depicted in FIG. 14 can be implemented within the policy 
matching module 630. The matching algorithm 1400 uses 
three primary match types: exact match, relaxed match, and 
no match. An exact match occurs when the same instance is 
used in both policy and process context. A relaxed match 
includes three additional types of matches, discussed further 
below, which provide flexibility in the matching algorithm 
1400. No match occurs if the instance of the process context 
does not find any matching instances in the policy context 
using exact or relaxed matches. 
The relaxed matches can include a generalized match, a 

specialized match, and an ancestral match. A generalized 
match occurs in two potential ways. First, a generalized 
match occurs if an instance in the process context is matched 
to an instance of the same concept in the policy context. This 
is considered a relaxed match because the match does not 
occur at the instance level. Second, a generalized match 
occurs if a concept of the instance in the matched policy 
context is a generalization (e.g., Super-concept) of a concept 
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of the instance from the process context. A specialized match 
occurs if the concept of the instance in the matched policy 
context is a specialization (e.g., Sub-concept) of the concept 
of the instance in the process context. Finally, an ancestral 
match occurs if the concept of the instances in the policy and 
process context shares a common ancestor in their concept 
hierarchy. 
Business Process Modeling Methods 

FIG. 15 is a flowchart illustrating a process method 1500 
for providing a list of relevant business policies, according to 
an example embodiment. The method 1500 may be per 
formed by processing logic that may comprise hardware (e.g., 
dedicated logic, programmable logic, microcode, etc.), soft 
ware (such as executes on a general purpose computer system 
or a dedicated machine), or a combination of both. In an 
example embodiment, the processing logic resides within the 
policy matching module 630 and the reasoner module 1308 
illustrated in FIG. 13. The method 1500 may be performed by 
the various modules discussed above with reference to FIG. 6, 
FIG. 10, and FIG. 13. Each of these modules may comprise 
processing logic. 
As shown in FIG. 15, the method 1500 includes operations 

for receiving a request for relevant business policies, obtain 
ing a formalized representation of the business process, 
extracting the context from the business process, obtaining 
relevant business policies using the context, ranking the rel 
evant business policies, and presenting the ranked list of 
relevant business policies. The method 1500 commences at 
operation 1502 with the policy matching module 630 receiv 
ing a request for relevant business policies from the business 
process modeling engine 620. In an example, the policy rec 
ommendation module 1302 handles the incoming request 
from the business process modeling engine 620. The request 
for relevant business polices includes the current business 
process model being created within the business process 
modeling engine 620 as part of the input. 

The method 1500 continues at operation 1504 with the 
policy recommendation module 1302 obtaining a formalized 
representation of the business process model. The formalized 
representation of the business process model allows the 
policy matching module 630 to extract matches from the 
enterprise meta-model in the repository 650. In an example, 
the formalized representation is obtained from the business 
process formalization module 624. 

Next, the method 1500 moves to operation 1506 with the 
process context extraction module 1304 extracting the pro 
cess context from the business process model. In certain 
examples, the process context extraction module 1304 works 
with the reasoner module 1308 to extract the process context. 
The reasoner module 1308 may query one of the ontologies 
stored in the repository 650 to obtain the process context 
information. 

With the process context determined, the method 1500 
continues at operation 1508 with the policy recommendation 
module 1302 obtaining matching business policies from the 
repository 650 using the reasoner module 1308. The process 
context is a data structure used to store contextual information 
about the business processes and policies. The process con 
text may include process goals, process key performance 
indicators, resources consumed or produced by the process, 
business roles and organizational units involved in the pro 
cess, functional areas of the enterprise in which the process is 
performed, among others. It is the contextual information that 
is used to obtain policies that the system considers relevant to 
the business process. The reasoner module 1308 uses the 
contextual information to make inferences about potential 
matching business policies. In an example, the inferencing 
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performed by the reasoner module 1308 occurs at the instance 
level. The list of relevant business policies returned to the 
policy recommendation module 1302 in operation 1508 are 
not in any particular order of relevance. 
The method 1500 continues at operation 1510 with the 

policy ranking module 1306 ranking the relevant business 
policies. In certain examples, the policy ranking module 1306 
uses the matching algorithm 1400 illustrated in FIG. 14 to 
rank the relevant business policies. 

Finally, the method 1500 concludes at operation 1512 with 
the business process modeling engine 620 presenting the 
ranked list of relevant business policies. In some examples, 
the returned list may only include a single policy. In another 
example, it is possible that no relevant business policies will 
be found and the business process modeling engine 620 will 
not present any results at operation 1512. 

FIG. 16 is a flowchart illustrating a business process veri 
fication method, according to an example embodiment. The 
systems described above allow a process modeler to annotate 
business processes with business policies through semantic 
annotation. The method 1600 provides the process modeler 
with a method of validating the business process against the 
annotated business policies and the underlying business rules. 
The method 1600 may be performed by processing logic that 
may comprise hardware (e.g., dedicated logic, programmable 
logic, microcode, etc.), Software (e.g., Software executing on 
a general purpose computer system or a dedicated machine), 
or a combination of both. In an example embodiment, the 
processing logic resides within the validation module 640. 
The method 1600 may be performed by the various modules 
discussed above with reference to FIG. 6, and FIG.9. Each of 
these modules may comprise processing logic. 
As shown in FIG. 16, the method 1600 includes operations 

for receiving a verification request, obtaining a formalized 
representations of the business process and associated poli 
cies, register the formalized representations, checking the 
knowledge base, flagging any violations of underlying busi 
ness rules, and providing feedback messages. The method 
1600 begins at operation 1602 with the validation module 640 
receiving a validation request from the business process mod 
eling engine 620. The validation request includes a business 
process and at least one associated business policy to be 
validated. 
At operation 1604, the method 1600 continues with the 

validation module 640 obtaining formalized representations 
of the business process and associated policies. In certain 
examples, the validation module accesses the business pro 
cess formalization module 624 to obtain the formalized busi 
ness process. 
The method 1600 continues at operation 1606 with the 

validation module 640 registering the formalized representa 
tions with a reasoner 644 to create a knowledge base for this 
business process. At operation 1608, the reasoner 644 per 
forms a consistency check on the knowledge base to look for 
constraint violations. If any of the business rules used to 
implement the associated business policies are violated, the 
consistency check fails and returns the violated business rule. 
At operation 1610 the method 1600 flags any of the violated 
business rules. 

Finally, the method 1600 concludes at operation 1612 by 
providing feedback messages regarding flagged violations 
through the business process modeling engine 620. The feed 
back messages can be presented using the natural language 
description included within each business rule. If no business 
rules were found to be violated, the feedback messages can 
indicate the validity of the business process model. 
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FIG. 17 is a flowchart illustrating a method 1700 of creat 
ing a machine-readable business process model using a seg 
mented view of the enterprise, according to an example 
embodiment. The systems described above allow a process 
modeler to use process perspectives or role-based abstraction 
levels to limit or segment an enterprise meta-model to sim 
plify the process of creating business process models. The 
method 1700 illustrates an example method of using the 
systems described above. The method 1700 may be per 
formed by processing logic that may comprise hardware (e.g., 
dedicated logic, programmable logic, microcode, etc.), soft 
ware (e.g., Software executing on a general purpose computer 
system or a dedicated machine), or a combination of both. In 
an example embodiment, the processing logic resides within 
the business process modeling engine 620 illustrated in FIG. 
6. The method 1700 may be performed by the various addi 
tional modules discussed above with reference to FIG. 6, FIG. 
9-FIG. 11, and FIG. 13. Each of these modules may comprise 
processing logic. 
As shown in FIG. 17, the method 1700 includes operations 

for receiving selection of a segmented view of an enterprise 
meta-model, registering input of a business process model, 
receiving selection of a business policy, transforming the 
business process model into a machine-readable representa 
tion, and storing the machine-readable representation. The 
method 1700 begins at operation 1702 with the business 
process modeling engine 620 receiving a process modeler's 
selection of a segmented view of the enterprise to be modeled. 
The segmented view can include a process-oriented perspec 
tive or a role-based abstraction level. In some examples, the 
selected segmented view can include both a process perspec 
tive and an abstraction level. As discussed in reference to FIG. 
1, the process perspectives can include a functional view, a 
motivational view, an organizational view, a resource-ori 
ented view, a compliance view, or a behavioural view. The 
role-based abstraction levels, also discussed above in refer 
ence to FIG. 1, can include different role-based views of the 
organization, such as an executive level view, a manager level 
view, or a business analyst level view. Combining process 
perspectives and abstraction levels allows the process mod 
eler to focus on discrete portions of an organization when 
producing process models. The underlying enterprise meta 
model allows the process modeler to keep the individual 
process models produced within the segmented views tied 
together and coordinated. 

The method 1700 continues at operation 1704 with the 
business process modeling engine 620 registering input of a 
business process model. In an example, the process modeler 
can interact with the visual process modeling module 622 to 
create the desire process model. The visual process modeling 
module 622 can provide a set of visual modeling elements 
tailored to the selected segmented view of the enterprise. 
Limiting the available visual modeling elements based on the 
segmented view further assists in reducing modeling com 
plexity by focusing the process modeler on only those func 
tions relevant to the current modeling task. 

Next, the method 1700 continues at operation 1706 with 
the business process modeling engine 620 receiving a selec 
tion of a business policy to annotate the business process 
currently being modeled. As discussed above, the system 600 
can provide a list of matching business policies relevant to the 
current business process through a policy matching function 
implemented in the policy matching module 630. The policy 
matching function is described in detail in reference to FIG. 
13 and FIG. 15 above. The selection of a business policy at 
operation 1706 includes selecting a business policy from a list 
of relevant business policies presented within the visual pro 
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cess modeling module 622. The process modeler is given an 
opportunity to select a relevant business policy to apply to the 
business process being modeled. The process modeler may 
choose to select Zero or multiple business policies to annotate 
the current business process during this part of the process. 
Once the process modeler has completed the modeling 

task, the method 1700 continues at operation 1708 with the 
business process modeling engine 620 transforming the busi 
ness process model into a machine-readable representation 
(also referred to as an artifact). In an example, the transfor 
mation is accomplished by the business process formalization 
module 624 and involves converting the visually modeled 
business process into a formal machine-readable language. 
Converting the visual business process model into a formal 
machine-readable language allows the business process to be 
analyzed programmatically and added to the enterprise meta 
model to ensure coordination with other processes through 
out the organization. Finally, the method 1700 concludes at 
operation 1710 with the business process modeling engine 
620 storing the machine-readable representation of the for 
malized business process into the repository 650. 

FIG. 18 is a flowchart illustrating a method 1800 of creat 
ing a formalized business process model using a segmented 
view of the enterprise, according to an example embodiment. 
The systems described above allow a process modeler to use 
process perspectives or role-based abstraction levels to limit 
or segment an enterprise meta-model to simplify the process 
of creating business process models. The method 1800 illus 
trates another example method of using the systems described 
above. The method 1800 may be performed by processing 
logic that may comprise hardware (e.g., dedicated logic, pro 
grammable logic, microcode, etc.), Software (e.g., Software 
executing on a general purpose computer system or a dedi 
cated machine), or a combination of both. In an example 
embodiment, the processing logic resides within the business 
process modeling engine 620 illustrated in FIG. 6. The 
method 1800 may be performed by the various additional 
modules discussed above with reference to FIG. 6, FIG. 
9-FIG. 11, and FIG. 13. Each of these modules may comprise 
processing logic. 
As shown in FIG. 18, the method 1800 includes operations 

for accessing the repository 650 of formalized process knowl 
edge, receiving selection of a segmented view of the enter 
prise, presenting a set of visual modeling tools, registering 
input of a business process model created using the visual 
modeling tools, matching a business constraint to the busi 
ness process model, formalizing the business process model, 
and storing the formalized business process model. The 
method 1800 commences at operation 1802 with the business 
process modeling engine 620 accessing the repository 650 
storing formalized process knowledge for the entire enter 
prise. In certain examples, the repository 650 includes a busi 
ness policies and rules database 652, a business processes 
database 654, and a framework and application ontologies 
database 656. In some examples, the business polices and 
rules are stored within the repository 650 as formalized 
ontologies enabling computerized analysis and implementa 
tion of the business process models that use the formalized 
business policies and rules. 
The method 1800 continues at operation 1804 with the 

business process modeling engine 620 receiving a selection 
of a segmented view of the enterprise within which the mod 
eling will be performed. In this example, the process modeler 
selects a process perspective, an abstraction level, or both to 
segment or limit the current working paradigm. As discussed 
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above, the visual process modeling module 622 can present 
the interface for selecting a process perspective or abstraction 
level. 
The method 1800 continues at operation 1806 with the 

visual process modeling module 622 presenting a set of visual 
modeling tools. In this example, the set of visual process 
modeling tools presented by the visual process modeling 
module is limited by the selected segmented view of the 
enterprise. 

At operation 1808, the process modeleruses the limited set 
of visual process modeling tools to input a business process 
model. In this example, the visual process modeling module 
622 will register input of the business process model created 
using the visual process modeling tools. 

With at least a portion of the business process model input 
into the visual process modeling module 622, the method 
1800 can continue at operation 1810 by presenting business 
constraints that are relevant to the business process model. In 
an example, the policy matching module 630 provides a list of 
matching business rules (e.g., modeled in the form of con 
straints) that are relevant to the current business process being 
modeled within the business process modeling engine 620. In 
Some examples, the matching process may also involve the 
validation module 640 as only business rules or policies that 
are valid to include in the current business process are pre 
sented to the process modeler. Annotation of the current busi 
ness process can be performed manually by the process mod 
eler or automatically by the business process modeling 
engine 620 based on the results provided by the policy match 
ing module 630. In the case of automatic annotation, the 
business process modeling engine 620 can be configured to 
limit annotation to only those constraints that are exact 
matches, as discussed above in reference to FIG. 14. 
Once the business process has been annotated with match 

ing business constraints, the method 1800 continues at opera 
tion 1812 with the business process formalization module 
624 formalizing the business process model. As discussed 
above, the formalization process produces a machine-read 
able version of the visually modeled business process model. 
The validation process described in reference to FIG.16 may 
be invoked as part of the formalization process. The machine 
readable version can be represented in a formal computer 
language (e.g., WSML-Flight) enabling automated analysis. 
The method 1800 concludes by storing the formalized 

business process model in the repository 650. In this example, 
the business process modeling engine 620 communicates 
with the repository 650 to facilitate storing the formalized 
representation of the business process model. 
Modules, Components and Logic 

Certain embodiments are described herein as including 
logic or a number of components, modules, or mechanisms. 
Modules may constitute either software modules (e.g., code 
embodied on a machine-readable medium or in a transmis 
sion signal) or hardware modules. A hardware module is a 
tangible unit capable of performing certain operations and 
may be configured or arranged in a certain manner. In 
example embodiments, one or more computer systems (e.g., 
a standalone, client or server computer system) or one or more 
hardware modules of a computer system (e.g., a processor or 
a group of processors) may be configured by Software (e.g., 
an application or application portion) as a hardware module 
that operates to perform certain operations as described 
herein. 

In various embodiments, a hardware module may be 
implemented mechanically or electronically. For example, a 
hardware module may comprise dedicated circuitry or logic 
that is permanently configured (e.g., as a special-purpose 
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processor, such as a field programmable gate array (FPGA) or 
an application-specific integrated circuit (ASIC)) to perform 
certain operations. A hardware module may also comprise 
programmable logic or circuitry (e.g., as encompassed within 
a general-purpose processor or other programmable proces 
sor) that is temporarily configured by Software to perform 
certain operations. It will be appreciated that the decision to 
implement a hardware module mechanically, in dedicated 
and permanently configured circuitry, or in temporarily con 
figured circuitry (e.g., configured by Software) may be driven 
by cost and time considerations. 

Accordingly, the term “hardware module' should be 
understood to encompass a tangible entity, be that an entity 
that is physically constructed, permanently configured (e.g., 
hardwired) or temporarily configured (e.g., programmed) to 
operate in a certain manner and/or to perform certain opera 
tions described herein. Considering embodiments in which 
hardware modules are temporarily configured (e.g., pro 
grammed), each of the hardware modules need not be con 
figured or instantiated at any one instance in time. For 
example, where the hardware modules comprise a general 
purpose processor configured using software, the general 
purpose processor may be configured as respective different 
hardware modules at different times. Software may accord 
ingly configure a processor, for example, to constitute a par 
ticular hardware module at one instance of time and to con 
stitute a different hardware module at a different instance of 
time. 

Hardware modules can provide information to, and receive 
information from, other hardware modules. Accordingly, the 
described hardware modules may be regarded as being com 
municatively coupled. Where multiples of such hardware 
modules exist contemporaneously, communications may be 
achieved through signal transmission (e.g., over appropriate 
circuits and buses) that connect the hardware modules. In 
embodiments in which multiple hardware modules are con 
figured or instantiated at different times, communications 
between such hardware modules may be achieved, for 
example, through the storage and retrieval of information in 
memory structures to which the multiple hardware modules 
have access. For example, one hardware module may perform 
an operation and store the output of that operation in a 
memory device to which it is communicatively coupled. A 
further hardware module may then, at a later time, access the 
memory device to retrieve and process the stored output. 
Hardware modules may also initiate communications with 
input or output devices, and can operate on a resource (e.g., a 
collection of information). 
The various operations of example methods described 

herein may be performed, at least partially, by one or more 
processors that are temporarily configured (e.g., by Software) 
or permanently configured to perform the relevant operations. 
Whether temporarily or permanently configured, such pro 
cessors may constitute processor-implemented modules that 
operate to perform one or more operations or functions. The 
modules referred to herein may, in some example embodi 
ments, comprise processor-implemented modules. 

Similarly, the methods described herein may be at least 
partially processor-implemented. For example, at least some 
of the operations of a method may be performed by one or 
more processors or processor-implemented modules. The 
performance of certain of the operations may be distributed 
among the one or more processors, not only residing within a 
single machine, but deployed across a number of machines. In 
Some example embodiments, the processor or processors may 
be located in a single location (e.g., within a home environ 
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ment, an office environment or as a server farm), while in 
other embodiments the processors may be distributed across 
a number of locations. 
The one or more processors may also operate to Support 

performance of the relevant operations in a "cloud comput 
ing environment or as a “software as a service' (SaaS). For 
example, at least Some of the operations may be performed by 
a group of computers (as examples of machines including 
processors), these operations being accessible via a network 
(e.g., the Internet) and via one or more appropriate interfaces 
(e.g., Application Program Interfaces (APIs)). 
Electronic Apparatus and System 

Example embodiments may be implemented in digital 
electronic circuitry, or in computer hardware, firmware, Soft 
ware, or in combinations of these. Example embodiments 
may be implemented using a computer program product, e.g., 
a computer program tangibly embodied in an information 
carrier, e.g., in a machine-readable medium for execution by, 
or to control the operation of data processing apparatus, e.g., 
a programmable processor, a computer, or multiple comput 
CS. 

A computer program can be written in any form of pro 
gramming language, including compiled or interpreted lan 
guages, and it can be deployed in any form, including as a 
stand-alone program or as a module, Subroutine, or other unit 
Suitable for use in a computing environment. A computer 
program can be deployed to be executed on one computer or 
on multiple computers at one site or distributed across mul 
tiple sites and interconnected by a communication network. 

In example embodiments, operations may be performed by 
one or more programmable processors executing a computer 
program to perform functions by operating on input data and 
generating output. Method operations can also be performed 
by, and apparatus of example embodiments may be imple 
mented as, special purpose logic circuitry, e.g., a field pro 
grammable gate array (FPGA) oran application-specific inte 
grated circuit (ASIC). 
The computing system can include clients and servers. A 

client and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. In embodiments 
deploying a programmable computing system, it will be 
appreciated that both hardware and software architectures 
require consideration. Specifically, it will be appreciated that 
the choice of whether to implement certain functionality in 
permanently configured hardware (e.g., an ASIC), in tempo 
rarily configured hardware (e.g., a combination of Software 
and a programmable processor), or a combination of perma 
nently and temporarily configured hardware may be a design 
choice. Below are set out hardware (e.g., machine) and soft 
ware architectures that may be deployed, in various example 
embodiments. 
Example Machine Architecture and Machine-Readable 
Medium 

FIG. 19 is a block diagram of a machine in the example 
form of a computer system 1900 within which instructions for 
causing the machine to performany one or more of the meth 
odologies discussed herein may be executed. In alternative 
embodiments, the machine operates as a standalone device or 
may be connected (e.g., networked) to other machines. In a 
networked deployment, the machine may operate in the 
capacity of a server or a client machine in server-client net 
work environment, or as a peer machine in a peer-to-peer (or 
distributed) network environment. The machine may be a 
personal computer (PC), a tablet PC, a set-top box (STB), a 
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Personal Digital Assistant (PDA), a cellular telephone, a web 
appliance, a network router, Switch or bridge, or any machine 
capable of executing instructions (sequential or otherwise) 
that specify actions to be taken by that machine. Further, 
while only a single machine is illustrated, the term “machine' 
shall also be taken to include any collection of machines that 
individually or jointly execute a set (or multiple sets) of 
instructions to performany one or more of the methodologies 
discussed herein. 
The example computer system 1900 includes a processor 

1902 (e.g., a central processing unit (CPU), a graphics pro 
cessing unit (GPU) or both), a main memory 1904, and a 
static memory 1906, which communicate with each other via 
a bus 1908. The computer system 1900 may further include a 
video display unit 1910 (e.g., a liquid crystal display (LCD) 
or a cathode ray tube (CRT)). The computer system 1900 also 
includes an alphanumeric input device 1912 (e.g., a key 
board), a user interface (UI) navigation device 1914 (e.g., a 
mouse), a disk drive unit 1916, a signal generation device 
1918 (e.g., a speaker) and a network interface device 1920. 
Machine-Readable Medium 
The disk drive unit 1916 includes a machine-readable 

medium 1922 on which is stored one or more sets of data 
structures and instructions (e.g., Software) 1924 embodying 
or utilized by any one or more of the methodologies or func 
tions described herein. The instructions 1924 may also reside, 
completely or at least partially, within the main memory 1904 
and/or within the processor 1902 during execution thereof by 
the computer system 1900, the main memory 1904 and the 
processor 1902 also constituting machine-readable media. 

While the machine-readable medium 1922 is shown in an 
example embodiment to be a single medium, the term 
“machine-readable medium may include a single medium or 
multiple media (e.g., a centralized or distributed database, 
and/or associated caches and servers) that store the one or 
more data structures and instructions 1924. The term 
“machine-readable medium’ shall also be taken to include 
any tangible medium that is capable of storing, encoding or 
carrying instructions for execution by the machine and that 
cause the machine to perform any one or more of the meth 
odologies of the present embodiments of the invention, or that 
is capable of storing, encoding or carrying data structures 
utilized by or associated with such instructions. The term 
“machine-readable medium’ shall accordingly be taken to 
include, but not be limited to, Solid-state memories, and opti 
cal and magnetic media. Specific examples of machine-read 
able media include non-volatile memory, including by way of 
example semiconductor memory devices, e.g., Erasable Pro 
grammable Read-Only Memory (EPROM), Electrically 
Erasable Programmable Read-Only Memory (EEPROM), 
and flash memory devices; magnetic disks such as internal 
hard disks and removable disks; magneto-optical disks; and 
CD-ROM and DVD-ROM diskS. 
Transmission Medium 
The instructions 1924 may further be transmitted or 

received over a communications network 1926 using a trans 
mission medium. The instructions 1924 may be transmitted 
using the network interface device 1920 and any one of a 
number of well-known transfer protocols (e.g., HyperText 
Transfer Protocol (HTTP)). Examples of communication net 
works include a local area network (“LAN”), a wide area 
network (“WAN), the Internet, mobile telephone networks, 
Plain Old Telephone (POTS) networks, and wireless data 
networks (e.g., WiFi and WiMax networks). The term “trans 
mission medium’ shall be taken to include any intangible 
medium that is capable of storing, encoding or carrying 
instructions for execution by the machine, and includes digi 
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tal or analog communications signals or other intangible 
media to facilitate communication of Such software. 

Thus, a method and system for making contextual recom 
mendations to users on a network-based marketplace have 
been described. Although the present embodiments of the 
invention have been described with reference to specific 
example embodiments, it will be evident that various modi 
fications and changes may be made to these embodiments 
without departing from the broader spirit and scope of the 
embodiments of the invention. Accordingly, the specification 
and drawings are to be regarded in an illustrative rather than 
a restrictive sense. 

Although an embodiment has been described with refer 
ence to specific example embodiments, it will be evident that 
various modifications and changes may be made to these 
embodiments without departing from the broader spirit and 
Scope of the invention. Accordingly, the specification and 
drawings are to be regarded in an illustrative rather than a 
restrictive sense. The accompanying drawings that form a 
parthereof, show by way of illustration, and not of limitation, 
specific embodiments in which the subject matter may be 
practiced. The embodiments illustrated are described in suf 
ficient detail to enable those skilled in the art to practice the 
teachings disclosed herein. Other embodiments may be uti 
lized and derived therefrom, such that structural and logical 
Substitutions and changes may be made without departing 
from the scope of this disclosure. This Detailed Description, 
therefore, is not to be taken in a limiting sense, and the scope 
of various embodiments is defined only by the appended 
claims, along with the full range of equivalents to which Such 
claims are entitled. 

Such embodiments of the inventive subject matter may be 
referred to herein, individually and/or collectively, by the 
term “invention' merely for convenience and without intend 
ing to Voluntarily limit the scope of this application to any 
single invention or inventive concept if more than one is in 
fact disclosed. Thus, although specific embodiments have 
been illustrated and described herein, it should be appreciated 
that any arrangement calculated to achieve the same purpose 
may be substituted for the specific embodiments shown. This 
disclosure is intended to cover any and all adaptations or 
variations of various embodiments. Combinations of the 
above embodiments, and other embodiments not specifically 
described herein, will be apparent to those of skill in the art 
upon reviewing the above description. 

All publications, patents, and patent documents referred to 
in this document are incorporated by reference herein in their 
entirety, as though individually incorporated by reference. In 
the event of inconsistent usages between this document and 
those documents so incorporated by reference, the usage in 
the incorporated reference(s) should be considered supple 
mentary to that of this document; for irreconcilable inconsis 
tencies, the usage in this document controls. 

In this document, the terms “a” or “an are used, as is 
common in patent documents, to include one or more than 
one, independent of any other instances or usages of “at least 
one' or “one or more.” In this document, the term 'or' is used 
to refer to a nonexclusive or, such that “A or B' includes “A 
but not B. “B but not A and “A and B, unless otherwise 
indicated. In the appended claims, the terms “including and 
“in which are used as the plain-English equivalents of the 
respective terms “comprising and “wherein.” Also, in the 
following claims, the terms “including and “comprising are 
open-ended, that is, a system, device, article, or process that 
includes elements in addition to those listed after such a term 
in a claim are still deemed to fall within the scope of that 
claim. Moreover, in the following claims, the terms “first.” 
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“second, and “third,' etc. are used merely as labels, and are 
not intended to impose numerical requirements on their 
objects. 
The Abstract of the Disclosure is provided to comply with 

37 C.F.R. S1.72(b), requiring an abstract that will allow the 
reader to quickly ascertain the nature of the technical disclo 
sure. It is submitted with the understanding that it will not be 
used to interpret or limit the Scope or meaning of the claims. 
In addition, in the foregoing Detailed Description, it can be 
seen that various features are grouped together in a single 
embodiment for the purpose of streamlining the disclosure. 
This method of disclosure is not to be interpreted as reflecting 
an intention that the claimed embodiments require more fea 
tures than are expressly recited in each claim. Rather, as the 
following claims reflect, inventive subject matter lies in less 
than all features of a single disclosed embodiment. Thus the 
following claims are hereby incorporated into the Detailed 
Description, with each claim standing on its own as a separate 
embodiment. 

What is claimed is: 
1. A method for modeling business processes for an enter 

prise, the method comprising: 
receiving selection of a segmented view of an enterprise 

meta-model, the segmented view depicting a discrete 
portion of a business process to be modeled, and the 
enterprise meta-model being a machine-readable repre 
sentation of business rules and policies for the enterprise 
stored in a machine-readable enterprise meta-model 
repository; 

registering input of a business process model through 
arrangement of a set of visual modeling elements, the 
visual modeling elements limited by the segmented 
view depicting the discrete portion of the business pro 
cess to be modeled and representing building blocks for 
the business process to be modeled; 

receiving selection of a business policy to apply to the 
business process model from a set of matching business 
policies associated with the business process model; 

transforming the business process model into a machine 
readable representation of the business process model; 
and 

storing the machine-readable representation into the 
machine-readable enterprise meta-model repository. 

2. The method of claim 1, wherein the receiving of the 
selection of the segmented view includes selecting at least 
one of a process perspective and a role-based abstraction. 

3. The method of claim 2, wherein the process perspective 
represents at least one of a functional, motivational, organi 
Zational, resource, compliance, or behavioural process ori 
ented views of the enterprise. 

4. The method of claim 2, wherein the role-based abstrac 
tion includes an abstraction related to at least one of an execu 
tive, a manager, or a business analyst role within the enter 
prise. 

5. The method of claim 1, wherein the transforming the 
business process model into a machine-readable representa 
tion includes validating the business process model against a 
business rule implementing the business policy to flag any 
constraint violations in the business process model. 

6. The method of claim 5, wherein the validating the busi 
ness process model includes running a consistency check on 
the business process model Versus the business rule. 

7. The method of claim 1, wherein the receiving selection 
of a business policy includes requesting matching business 
policies, the matching business policies having a relevance to 
the business process model. 
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8. The method of claim 7, wherein the requesting matching 
business policies includes: 

extracting a context front the business process model, the 
context contains information defining how the business 
process model fits into the enterprise meta model; and 5 

inferencing relevant business rules within the enterprise 
meta-model based on the context of the business process 
model. 

9. A method for modeling a business process within an 
enterprise, the method comprising: 

accessing a repository of formalized process knowledge 
for the enterprise, including an enterprise ontology of 
business rules and business policies: 

receiving selection of a segmented view depicting a dis 
crete portion of the enterprise to be modeled; 

presenting a set of visual modeling tools limited by the 
Selected segmented view depicting a discrete portion of 
the enterprise to be modeled; 

registering input of a business process model created using 
the set of visual modeling tools: 

matching a business constraint to business process model, 
the business constraint having a pre-defined level of 
relevance to the business processes; 

formalizing the business process model; and 
storing the formalized business process model into the 

repository of formalized process knowledge for the 
enterprise. 

10. The method of claim.9, wherein the receiving selection 
of a segmented view includes selecting at least one of a 
modeling perspective and an abstraction level, the modeling 
perspective representing a process-oriented view of the enter 
prise and the abstraction level representing a role-based view 
of the enterprise. 

11. A system for modeling business processes for an enter 
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prise, the system comprising: 

a repository to store an enterprise meta-model, the enter 
prise meta-model being a computer-accessible represen 
tation of business rules and policies for the enterprise: 
and 

a business process modeling engine including: 
an input mechanism to receive selection of a segmented 

View of an enterprise meta-model, the segmented 
View depicting a discrete portion of a business process 
to be modeled and the enterprise meta-model; 

a visual modeling module to present a set of visual 
modeling elements limited by the segmented view 
depicting the discrete portion of the business process 
to be modeled and register input of a business process 
model through selection, arrangement, and configu 
ration of visual elements selected from the set of 
visual modeling elements: 

a formalization module to transform the business pro 
cess model into a machine-readable representation of 
the business process model; and 

an output mechanism to store the machine-readable rep 
resentation in the repository. 

12. The system of claim 11, wherein the input mechanism 
of the business process modeling engine is to receive selec 
tion of the segmented view including selecting at least one of 
a process perspective and a role-based abstraction. 

13. The system of claim 11, including a validation module 
to validate the business process model against a plurality of 
business rules included in the enterprise meta-model to flag 
any constraint violations in the business process model. 
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14. The system of claim 11, including a policy matching 

module to select a set of matching business policies from the 
enterprise meta-model that are relevant to the business pro 
cess model. 

15. The system of claim 14, wherein the policy matching 
module is to: 

extract a context from the business process model, the 
context contains information defining how the business 
process model fits into the enterprise meta-model; and 

inferrelevant business policies stored within the enterprise 
meta-model using the context of the business process 
model. 

16. A non-transitory machine-readable medium embody 
ing instructions which, when executed by a computer-imple 
mented system, cause the computer-implemented system to 
execute a method comprising: 

receiving selection of a segmented view of an enterprise 
meta-model, the segmented view depicting a discrete 
portion of a business process to be modeled, and the 
enterprise meta-model being a computer-accessible rep 
resentation of business rules and policies for an enter 
prise stored in a computer-readable enterprise meta 
model repository; 

registering input of a business process model through 
arrangement of a set of visual modeling elements, the 
Visual modeling elements limited by the segmented 
view depicting the discrete portion of the business pro 
cess to be modeled and representing building blocks for 
the business process to be modeled; 

receiving selection of a business policy to apply to the 
business process model from a set of matching business 
policies associated with the business process model; 

transforming the business process model into a machine 
readable representation of the business process model; 
and 

storing the machine-readable representation into the com 
puter-readable enterprise meta-model repository. 

17. The nontransitory machine-readable medium of claim 
16, wherein, the receiving of the selection of the segmented 
View includes selecting at least one of a process perspective 
and a role-based abstraction. 

18. The non-transitory machine-readable medium of claim 
16, wherein the transforming of the business process model 
into a machine-readable representation includes validating 
the business process model against a business rule imple 
menting the business policy to flag any constraint violations 
in the business process model. 

19. The non-transitory machine-readable medium of claim 
18, wherein the validating the business process model 
includes running a consistency check on the business process 
model versus the business rule. 

20. The non-transitory machine-readable medium of claim 
16, wherein selecting a business policy includes requesting 
matching business policies, the matching business policies 
having a relevance to the business process model. 

21. The non-transitory machine-readable medium of claim 
20, wherein the requesting matching business policies 
includes: 

extracting a context from the business process model, the 
context contains information defining how the business 
process modes fits into the enterprise meta-model; and 

inferencing relevant business rules within the enterprise 
meta-model based on the context of the business process 
model. 


